Introduction
============

Whole-body vibration (WBV) exercise, which is used for training and rehabilitation, is becoming a popular training option for subjects ranging from elite athletes to elderly patients.[@b1-oajsm-7-005]--[@b8-oajsm-7-005] WBV exercise originated based on an observation of Jean-Martin Charcot, a French neurologist, who showed that the symptoms of a patient with Parkinson's disease had improved, possibly as a result of the vibrations produced by railway carriages.[@b9-oajsm-7-005] Strong evidence suggests that acute WBV exercise can enhance upper-and lower-body muscle power, and there is some indication that longer-term WBV exercise can augment muscle power of the upper and lower body extremities.[@b10-oajsm-7-005] WBV exercise has also been reported to improve chronic back pain,[@b11-oajsm-7-005],[@b12-oajsm-7-005] to reduce pain and improve function in patients with knee osteoarthritis,[@b13-oajsm-7-005] and to be a promising option for preventing bone fracture and osteoporosis.[@b14-oajsm-7-005] WBV exercise is a safe modality for increasing the physiological responses of reflex and muscle activity and the muscle function of athletes, the elderly, and individuals with compromised health.[@b10-oajsm-7-005]

Thus, WBV exercise has been acknowledged as a potential modality in sports, exercise, and health sectors. WBV exercise is performed while the subject stands with bent knees and hips on a platform. Because vibrations conducted to the head are thought to induce headaches, some authors have claimed that the subject's knees should be semiflexed to reduce vibration to the head.[@b15-oajsm-7-005] Most studies regarding this type of exercise have focused on the lower extremities and back,[@b1-oajsm-7-005],[@b3-oajsm-7-005],[@b5-oajsm-7-005]--[@b8-oajsm-7-005] and little has been studied regarding the optimal posture for training the upper extremities. Although positioning the upper arm directly on the platform may improve the neuromuscular function of the upper extremities, it may cause headaches or benign vertigo because of the conduction of vibrations to the head.[@b16-oajsm-7-005] Dumbbell training is another option, but an amplitude of 2 mm is recommended and gloves should be worn to prevent blisters, according to previous studies.[@b17-oajsm-7-005] Thus, it appears hard to train the upper extremities using WBV exercise. Direct contact between the elbows and knees has been hypothesized to conduct vibration efficiently from the lower to the upper extremities. Such a posture could make it possible to simultaneously train the upper and lower extremities. The objective of this study was to search for an effective posture to conduct vibration from the lower to the upper extremities while performing WBV exercise without causing any of the above-mentioned side effects.

Methods
=======

Ethical approval
----------------

The study protocol was approved by the Keio University Human Ethics Committee (the registration number: 20120327). Written informed consent was obtained from all the participants.

Study subjects
--------------

Twelve healthy volunteers (six men and six women), aged 22--34 years, were enrolled in the study. All the subjects were physically active, but none had previous experience performing WBV exercise. None of the subjects had a serious past medical history, including cardiovascular diseases, liver diseases, kidney dysfunction, diabetes, and musculoskeletal diseases, and none of the subjects had metallic implants of any kind. None of the female participants were pregnant.

Whole-body vibration
--------------------

Instructions were given on how to assume correct positions on the platform, and the study was started after confirming that the subjects fully understood the procedures and potential risks associated with the study. Shoes of the same design were provided to each subject.

Vibration was produced using a WBV platform (Galileo 900; Novotec Medical GmBH, Pforzheim, Germany). The Galileo machine is a unique device for applying WBV/oscillatory muscle stimulation. The subjects were positioned at the center of the platform with their feet shoulder-width apart and placed completely on the platform; the subjects were asked not to hold on to any item during the study. The subjects were asked to stand with bent knees and hips on a rocking platform with a sagittal axle, which alternately thrusts the right and left legs upwards and downwards, thereby promoting the lengthening of the extensor muscles of the lower extremities. This type of training provides reflex muscle stimulation with no serious adverse events. A chain of rapid muscle contractions during the exercise directly activates the neuromuscular system in the lower extremities. The amplitude of the vibration was set to 4 mm, and the frequency was set to 15 or 30 Hz.

Postures on WBV platform
------------------------

Three postures were used ([Figure 1](#f1-oajsm-7-005){ref-type="fig"}): posture A (standard), standing posture with the knees flexed at 30°; posture B, crouching position (like a downhill posture in skiing) with no direct contact between the knees and elbows; and posture C, crouching position with direct contact between the knees and elbows.

Assessment of magnitudes of vibration
-------------------------------------

Accelerometers (MVP-RF8-GC; Microston Co, Ltd, Nagano, Japan) were attached to the calf over the lateral gastrocnemius, to the thigh over the rectus femoris, to the back over the latissimus dorsi, and to the upper arm over the triceps brachii of each subject on the right side ([Figure 2](#f2-oajsm-7-005){ref-type="fig"}).

The WBV platform was run for 13 seconds, and data from 5 to 10 seconds after the start were recorded while the magnitude of the vibration was kept constant ([Figure 3](#f3-oajsm-7-005){ref-type="fig"}). The orders of position and frequency were randomized, and the ratio of the magnitude of vibration at the thigh, back, and upper arm relative to that at the calf was used as an index of vibration conduction. Effective postures for use with the WBV system were investigated by analyzing the vibration conduction to each part of the body while the subject was in each of the three postures.

Statistical analysis
--------------------

Data were expressed as the mean ± standard deviation. The Friedman test and the Bonferroni post hoc test were used to compare the data using SPSS software (IBM Japan, Tokyo, Japan). The significance level was set at *P*\<0.05.

Results
=======

Characteristics of study subjects
---------------------------------

The mean ± standard deviation values of the subjects' age, height, weight, and body mass index were 28.6±3.9 years (range: 22--34 years), 1.69±0.06 m, 62.8±11.6 kg, and 21.9±3.0 kg/m^2^, respectively.

Magnitudes of vibration recorded at each region
-----------------------------------------------

[Table 1](#t1-oajsm-7-005){ref-type="table"} lists the magnitudes of vibration recorded at each region (calf, thigh, back, and upper arm).

Calf: posture B was associated with a greater magnitude of vibration than posture A at 15 Hz, and posture C had a smaller magnitude of vibration than posture B. Postures B and C were associated with a greater magnitude of vibration than posture A at 30 Hz. Thigh: posture C was associated with a smaller magnitude of vibration than posture B at 15 Hz, but no significant differences were found among the three postures at 30 Hz. Back: postures B and C were associated with a smaller magnitude of vibration than posture A at 15 Hz and at 30 Hz. Upper arm: posture C was associated with a much greater magnitude of vibration than postures A and B at 15 Hz, and postures B and C were associated with a greater magnitude of vibration than posture A at 30 Hz. Posture C was associated with a much greater magnitude of vibration than posture B at 15 and 30 Hz.

Ratio of magnitude of vibration at the thigh, back, and upper arm relative to that at the calf
----------------------------------------------------------------------------------------------

The magnitudes of vibration at the upper arm at 15 Hz in postures A, B, and C were 2.47, 2.91, and 11.4 m/s^2^, respectively. Thus, posture C was associated with vibration conduction to the upper arm that was 4.62 times and 3.92 times greater than that for postures A and B, respectively.

The magnitudes of vibration at the upper arm at 30 Hz in postures A, B, and C were 1.07, 1.56, and 8.81 m/s^2^, respectively. Thus, posture B was associated with vibration conduction to the upper arm that was 1.47 times greater than that for posture A, and posture C was associated with vibration conduction to the upper arm that was 8.26 times and 5.65 times greater than that for postures A and B, respectively.

Posture C was associated with a vibration conduction to the calf that was 1.36 times greater than that for posture A at 30 Hz (79.1 vs 58.0 m/s^2^). However, the vibration conduction to the back was 0.68 times and 0.66 times smaller for posture C than for posture A at 15 and 30 Hz, respectively (4.24 vs 6.22 m/s^2^ at 15 Hz; 4.30 vs 6.56 m/s^2^ at 30 Hz).

Adverse effects of WBV
----------------------

Neither headaches nor injuries (including blisters) occurred in this series.

Discussion
==========

WBV treatment studies have been aimed at improving some aspect of neuromuscular performance, pain, and bone density.[@b13-oajsm-7-005],[@b14-oajsm-7-005],[@b18-oajsm-7-005] However, little has been studied regarding the optimal posture for training the upper extremities. This study searched for an effective posture to conduct vibration from the lower to the upper extremities while performing WBV exercise by examining three postures ([Figure 1](#f1-oajsm-7-005){ref-type="fig"}). The following results were obtained: 1) posture B was associated with a greater magnitude of vibration to the calf than posture A at 15 Hz, and postures B and C were associated with a greater magnitude than posture A at 30 Hz; 2) posture C was associated with a greater vibration conduction to the upper arm than posture A at 15 and 30 Hz; 3) posture C was associated with a smaller vibration conduction to the back at 15 and 30 Hz; and 4) no adverse effects occurred while performing the WBV exercise using posture C. Although there are some notable limitations, this study revealed that a crouching position on a WBV platform with direct contact between the knees and elbows was effective for conducting vibration from the lower to the upper extremities. The present study raises a question about the possibility of using such a posture to train the upper and lower extremities simultaneously when performing WBV exercise.

Posture B was associated with a greater magnitude of vibration to the calf than posture A at 15 Hz, and postures B and C were associated with a greater magnitude than posture A at 30 Hz. A crouching position with or without contact between the knees and elbows (postures C or B) was associated with a greater vibration conduction to the calf than a standing position with the knees semiflexed (posture A: standard posture), as was recommended in a previous report.[@b19-oajsm-7-005] This result may be attributable to the fact that a crouching position, compared with a standing position, stabilizes the ankles on the platform more securely and transmits the vibration more effectively. Thus, a crouching position may be useful for conducting vibration to the calf. Avelar et al[@b20-oajsm-7-005] showed that 90° of knee flexion resulted in a greater isometric muscular contraction to the vastus lateralis than 60° of flexion, suggesting that a crouching position, which can be estimated to require 120° of flexion, may provide more muscle contraction than the standard posture. Nevertheless, conduction to the thigh was smaller in the crouching position at 30 Hz. The vibration might not have been conducted efficiently from the calf to the thigh, when the knees were bent more than 90°, probably because the direction of conduction was reversed at the deeply flexed knees.

Posture C was associated with vibration conduction to the upper arm that was 4.62 times and 8.26 times greater than that for posture A at 15 and 30 Hz, respectively. Since the upper extremities are in contact with the knees in posture C, more vibration is obviously provided to the upper arms. The flexion of the knees and hips should further facilitate vibration conduction to the upper extremities by increasing the contact surface of the soft tissue and decreasing vibration absorption in the joints by limiting the range of motion of the joints, leading to an increase in vibration conduction to the upper extremities.

Posture C was associated with vibration conduction to the back that was 0.68 times and 0.66 times smaller than that for posture A at 15 and 30 Hz, respectively. This result may be explained simply by the position, since the vibration is sufficiently transmitted to the upper extremities when the subject is in a crouching position with direct contact between the knees and elbows.

No adverse effects were observed when performing the WBV exercise using posture C. Such a posture may result in fewer adverse effects, compared with a posture in which the upper arms are placed directly on the platform and the vibration is conducted to the subject's head, possibly resulting in a headache. Amir et al[@b16-oajsm-7-005] reported a case report of benign paroxysmal positional vertigo after WBV training associated with nausea and vomiting. They mentioned that vibration training could displace the otoconia through vibration to the inner ear or labyrinthine trauma, leading to vertigo. In addition, if the arms are placed directly on the platform for a long period of time, blisters could occur, possibly limiting the duration of training. Bosco et al[@b21-oajsm-7-005] reported that mechanical vibration applied during arm flexion under isometric conditions increased the mechanical power as an index of the neural efficiency in the arm flexors of elite boxers. In our experience, however, keeping the upper extremities in direct contact with the platform is difficult, unless the frequency is lowered. Although we did not measure the magnitude of vibration at the head, posture C may reduce the risk of headaches and conduct vibration to the upper extremities while enabling a longer duration of WBV exercise.

This study had notable limitations. First, the sample size was relatively small and the power calculation was not done. Second, the training time was short (\<20 seconds), so the efficacy of WBV exercise in the examined posture, ie, a crouching position with direct contact between the knees and elbows for improving the physical function of the upper and lower extremities as well as the safety of this posture remains uncertain. In particular, maintaining posture C may be challenging, especially for elderly adults. We need to investigate the training limits in terms of load and time. Ye et al[@b22-oajsm-7-005] reported that since the effects of WBV appeared to differ depending on the frequency used, the optimal frequency should be determined for each position. While Rittweger et al[@b23-oajsm-7-005] concluded that oxygen consumption was highest at 26 Hz and Moran et al[@b24-oajsm-7-005] claimed that muscle destruction was seen at 65 Hz, leading to muscle fatigue, the ideal frequency for WBV remains to be determined. In this study, there were some discrepancies in the magnitude of vibration and the vibration conduction results between 15 and 30 Hz, and the reasons for these discrepancies remain uncertain. Thus, further studies are needed to clarify the effect of WBV exercise, performed in the position described above with various loads and times, on the physical function of the upper and lower extremities, in a sufficient number of subjects. Even though we have mentioned the possibility of an effective posture for training the upper and lower extremities simultaneously, since we did not measure the muscle strength and the training period was very short, further measurements of muscle strength before and after a certain amount of training are needed to confirm its effect.

Conclusion
==========

This study revealed that a crouching position on a WBV platform with direct contact between the knees and elbows was effective for conducting vibration from the lower to the upper extremities. Thus, such a posture could be an option for training the upper and lower extremities simultaneously while performing WBV exercise. However, further studies are needed to confirm the effect of WBV exercise using such a posture on the physical function of the upper and lower extremities.
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![Three postures on WBV platform.\
**Notes:** Posture (**A**) (standard), standing posture with the knees flexed at 30°; posture (**B**), crouching position (like a downhill posture in skiing) with no direct contact between the knees and elbows; and posture (**C**), crouching position with direct contact between the knees and elbows.\
**Abbreviation:** WBV, whole-body vibration.](oajsm-7-005Fig1){#f1-oajsm-7-005}

![Assessment of magnitudes of vibration.\
**Notes:** Accelerometers were attached to the following body parts: 1 -- the calf over the lateral gastrocnemius, 2 -- the thigh over the rectus femoris, 3 -- the back over the latissimus dorsi, and 4 -- the upper arm over the triceps brachii of each subject on the right side.](oajsm-7-005Fig2){#f2-oajsm-7-005}

![Collection of magnitude of vibration.\
**Note:** The WBV platform was run for 13 seconds, and data from 5 to 10 seconds after the start were recorded while the magnitude of the vibration was kept constant.\
**Abbreviation:** WBV, whole-body vibration.](oajsm-7-005Fig3){#f3-oajsm-7-005}

###### 

Magnitudes of vibration recorded at each region

  Position    Posture A   Posture B   Posture C                                                                                                                                                                                                               
  ----------- ----------- ----------- --------------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------
  Calf        51.9±19.1   58.0±26.5   66.7±17.9[\*](#tfn2-oajsm-7-005){ref-type="table-fn"}     81.4±35.2[\*\*](#tfn3-oajsm-7-005){ref-type="table-fn"}   54.8±16.4[\*\*\*](#tfn4-oajsm-7-005){ref-type="table-fn"}                                           79.1±29.7[\*\*](#tfn3-oajsm-7-005){ref-type="table-fn"}
  Thigh       29.2±10.5   31.2±10.9   31.4±8.2                                                  24.5±8.9                                                  27.5±7.0                                                                                            25.2±10.8
  Back        6.22±2.23   6.56±3.40   4.09±1.79[\*\*](#tfn3-oajsm-7-005){ref-type="table-fn"}   4.4±1.98[\*\*](#tfn3-oajsm-7-005){ref-type="table-fn"}    4.24±1.82[\*\*](#tfn3-oajsm-7-005){ref-type="table-fn"}                                             4.30±1.95[\*\*](#tfn3-oajsm-7-005){ref-type="table-fn"}
  Upper arm   2.47±1.10   1.07±0.44   2.91±1.27[\*\*](#tfn3-oajsm-7-005){ref-type="table-fn"}   1.56±0.67                                                 11.4±5.0[\*](#tfn2-oajsm-7-005){ref-type="table-fn"},[\#](#tfn5-oajsm-7-005){ref-type="table-fn"}   8.81±4.89[\*\*](#tfn3-oajsm-7-005){ref-type="table-fn"},[\*\*\*](#tfn4-oajsm-7-005){ref-type="table-fn"}

**Notes:** Data are expressed as the mean ± SD.

*P*\<0.01,

*P*\<0.05 vs posture A,

*P*\<0.05,

*P*\<0.01 vs posture B by Friedman's test and Bonferroni's post hoc test.

**Abbreviation:** SD, standard deviation.
